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The asymmetric unit of the title compound, C10H17CIF2N3O4P, 
consists of two independent molecules in each of which the P 
atom adopts a distorted tetrahedral environment with the 
P=0 and N— H units in a syn orientation with respect to one 
another. Both morpholine rings in one of the phosphoramide 
molecules are disordered over two sets of sites, with site 
occupancies of 0.766 (7) and 0.234 (7) for one ring and 
0.639 (10) and 0.361 (10) for the other. In the second 
phosphoramide molecule, one of the NC 4 H g O moieties is 
disordered over two sets of sites with site occupancies of 
0.807 (6) and 0.193 (6). In the crystal, pairs of intermolecular 
N— H- • O(P) hydrogen bonds form two independent centro- 
symmetric dimers. 

Related literature 

For patterns of hydrogen bonds in compounds containing a 
C(0)NHP(0) skeleton, see: Toghraee et al (2011). For their 
strengths and for structure determinations of 
CC1F 2 C(0)NHP(0) compounds, see: Pourayoubi et al. (2011), 
and references cited therein. For bond lengths, angles and 
torsion angles in related structures, see: Tarahhomi et al. 
(2011). For hydrogen-bond motifs, see: Bernstein et al. (1995). 
For the synthesis of the starting material, CC1F 2 C(0)NH- 
P(0)C1 2 , see: Iriarte et al. (2008). 




Experimental 

Crystal data 

C 10 H 17 ClF 2 N 3 O 4 P 
M, = 347.69 
Triclinic, PI 
a = 7.6460 (11) A 
b = 12.5507 (18) A 
c = 16.477 (2) A 
a = 70.605 (3)° 
P = 89.562 (3)° 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
r mi „ = 0.887, r maI = 0.919 

Refinement 

R[F 2 > 2o(F 2 )] = 0.065 

wR(F 2 ) = 0.172 

5 = 0.99 

6398 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



y = 82.155 (3)° 
V = 1476.3 (4) A 3 
Z = 4 

Mo Ka radiation 
H = 0.41 mm -1 
T = 100 K 

0.30 x 0.23 x 0.21 mm 



15034 measured reflections 
6398 independent reflections 
4124 reflections with / > 2a(I) 
R:„, = 0.046 



490 parameters 

H-atom parameters constrained 
A/w = 1.03 e A~ 3 
Ap mi „ = -0.40 e A~ 3 



D-H- -a 


D-H 


H- ■ A 


D- ■ A 


D-H- - A 


N1-H1N---02' 


0.90 


1.87 


2.746 (4) 


166 


NlA-HUSU---02A a 


0.90 


1.89 


2.731 (4) 


154 


Symmetry codes: (i) — x - 


h 2, -v+ 1, -z; 


(ii) -x+l,-y- 


f 1,-z + l. 





l,CIC 



Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. 

Support of this investigation by Ferdowsi University of 
Mashhad is gratefully acknowledged. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SJ5185). 
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^-[BisCmorpholin^-y^phosphinoyll-l-chloro-l^-difluoroacetamide 
M. Pourayoubi and A. Saneei 

Comment 

In recent papers on phosphoric triamides containing a C(0)NHP(0) skeleton, patterns of hydrogen bonds (Toghraee et al, 
2011) and their strengths (Pourayoubi et al, 201 1) have been discussed. The synthesis and X-ray crystal structure of the title 
phosphoric triamide is a continuation of work on this family of compounds in our laboratory. We have previously reported 
three derivatives with the CC1F2C(0)NHP(0) unit (Pourayoubi et al, 2011, and references cited therein). 

Single crystals of the title compound, CC1F 2 C(0)NHP(0)[NC 4 H 8 0]2, were obtained from CHCl3/n-C 7 Hi 6 at room 
temperature. The asymmetric unit (Fig. 1) contains two independent molecules. Each of the two NC4H8O rings in the PI 
phosphoramide is disordered over two sets of sites with site occupancies of 0.766 (7) and 0.234 (7) for N2'03'/N203 ring 
and 0.639 (10) and 0.361 (10) for N3'047N304 ring. Moreover, one of the NC^HgO moieties in PI A phosphoramide are 
disordered over two sets of sites with site occupancies of 0.807 (6) and 0.193 (6). 

The P=0, C=0 and P — N bond lengths, P — N — C bond angles and O — P — N — C torsion angles are within the expected 
values (Tarahhomi et al. 2011). The P=0 and C=0 groups are in anti positions with respect to each other. The P atom of 
each independent molecule is in a distorted tetrahedral environment as has been noted for other phosphoric triamides. 

In each molecule, the phosphoryl group and the N — H unit are in a syn orientation with respect to one another and in 

the crystal, pairs of intermolecular N — H-O(P) hydrogen bonds (Table 1) form two independent centrosymmetric dimers 

2 

(Fig. 2) as R2 (8) rings [for graph-set notation, see Bernstein et al (1995)]. 
Experimental 

CQF2C(0)NHP(0)Ci2 was prepared according to procedure reported by Iriarte et al (2008). 

To a solution of CC1F 2 C(0)NHP(0)C1 2 (2 mmol) in dry CHCI3, a solution of morpholine (8 mmol) in dry CHCI3 was 
added dropwise. After stirring for 4 h at 273 K, the solvent was evaporated at room temperature. The solid was washed 
with H2O. A crystalline product, suitable for X-ray crystallography, was obtained from a mixture of CHC^/n-CyHie (4:1) 
after slow evaporation at room temperature. 

Refinement 

All hydrogen atoms were calculated from geometrical point of view with exception of H1N and H1NA, which were located 
from difference Fourier map. The H atoms were refined in isotropic approximation using a riding model with the (7i S0 (H) 
parameters equal to 1 .2 U e q(C,N), where U(C,N) are respectively the equivalent thermal parameters of the carbon and 
nitrogen atoms to which corresponding H atoms are bonded. 
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Figures 




Fig. 1. The asymmetric unit of the title compound with thermal ellipsoids drawn at the 50% 
probability level. Only the major disorder components are shown. With the exception of H1N 
and H1NA, hydrogen atoms are omitted for clarity. 



Fig. 2. Crystal packing of the title compound, N — FFO hydrogen bonds are shown as dashed 
lines. 



iV-[bis(morpholin-4-yl)phosphinoyl]-2-chloro-2,2-difluoroacetamide 



Crystal data 




CioH 17 ClF 2 N304P 


Z = 4 


M,-= 347.69 


F(000) = 720 


Triclinic, PI 


D x = 1.564 MgnT 3 


Hall symbol: -P 1 


Mo Ka radiation, X = 0.71073 A 


a = 7.6460 (11) A 


Cell parameters from 2709 reflections 


b = 12.5507 (18) A 


6 = 2.6-25.0° 


c = 16.477 (2) A 


|i = 0.41 mnT 1 


a = 70.605 (3)° 


T= 100 K 


(3 = 89.562 (3)° 


Prism, colorless 


y = 82.155 (3)° 


0.30 x 0.23 x 0.21 mm 


V= 1476.3 (4) A 3 





Data collection 



Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 

r min = 0.887, J max = 0.9 19 

15034 measured reflections 



6398 independent reflections 

4124 reflections with / > 2o(I) 
R int = 0.046 

©max = 27.0°, 0 m i n = 1.3° 

h = -9^9 

£ = -16-^16 
/ = -21^21 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.065 
wR(F 2 ) = 0.172 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
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5 = 0.99 

6398 reflections 
490 parameters 
0 restraints 



w = ll[o 2 {F 2 ) + (0.0993P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Ap m ax= 1-03 e A~ 3 
Ap mi „ = -0.40eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 





X 


y 


z 


J I- *ITJ 
<^iso ' u eq 


WCC. y^l) 


Cll 


0.64061 (15) 


0.51615 (9) 


0.20802 (6) 


0.0404 (3) 




PI 


0.97314 (14) 


0.31136 (8) 


0.04189(6) 


0.0270 (2) 




Fl 


0.3883 (3) 


0.4651 (2) 


0.13511 (16) 


0.0449 (6) 




F2 


0.5485 (3) 


0.57780 (18) 


0.04940 (13) 


0.0323 (5) 




01 


0.6257 (4) 


0.2874 (2) 


0.14390 (17) 


0.0395 (7) 




02 


1.0847 (3) 


0.3817 (2) 


-0.02205 (18) 


0.0332 (6) 




Nl 


0.8158(4) 


0.4049 (2) 


0.06533 (19) 


0.0249 (7) 




H1N 


0.8315 


0.4788 


0.0454 


0.030* 




CI 


0.5553 (5) 


0.4848 (3) 


0.1202 (2) 


0.0298 (9) 




C2 


0.6707 (5) 


0.3800 (3) 


0.1106 (2) 


0.0266 (8) 




03' 


0.715 (3) 


0.0970 (17) 


-0.0749 (16) 


0.039 (2) 


0.766 (7) 


N2' 


0.8984 (8) 


0.2232 (7) 


0.0034 (6) 


0.0246 (15) 


0.766 (7) 


C3' 


0.8327 (8) 


0.1183 (4) 


0.0565 (3) 


0.0311 (13) 


0.766 (7) 


H3'A 


0.8026 


0.1234 


0.1137 


0.037* 


0.766 (7) 


H3'B 


0.9251 


0.0518 


0.0648 


0.037* 


0.766 (7) 


C4' 


0.6695 (10) 


0.1036 (6) 


0.0114(5) 


0.0399 (18) 


0.766 (7) 


H4'A 


0.6241 


0.0329 


0.0464 


0.048* 


0.766 (7) 


H4'B 


0.5758 


0.1689 


0.0050 


0.048* 


0.766 (7) 


C5' 


0.7650 (11) 


0.2044 (8) 


-0.1253 (6) 


0.037 (2) 


0.766 (7) 


H5'A 


0.6674 


0.2663 


-0.1282 


0.044* 


0.766 (7) 


H5'B 


0.7878 


0.2050 


-0.1846 


0.044* 


0.766 (7) 


C6' 


0.9302 (7) 


0.2243 (4) 


-0.0849 (3) 


0.0227 (12) 


0.766 (7) 


H6'A 


1.0288 


0.1639 


-0.0841 


0.027* 


0.766 (7) 


H6'B 


0.9643 


0.2988 


-0.1198 


0.027* 


0.766 (7) 


03 


0.687 (10) 


0.114 (6) 


-0.083 (6) 


0.039 (2) 


0.234 (7) 


N2 


0.846 (4) 


0.241 (3) 


-0.001 (2) 


0.0246 (15) 


0.234 (7) 


C3 


0.717(3) 


0.1595 (15) 


0.0368 (11) 


0.0311 (13) 


0.234 (7) 
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A A77C (\ X\ 
U.UZZj (1 jJ 


A at/;t / I T\ 
U.UZOj (1 d) 


A AA C T (\\\ 

U.UU J J (11) 


A AA77 i"\ 1 \ 

U.UUZZ (11) 


A AA7A (\ 1 \ 

U.UU /U (11) 


\T1 A 

IN 1 A 


A AT 11 /I 7\ 

U.Uj 11 \ V 1) 


A A1 AC /I C\ 

u.uiyj (i j) 


A A7T7 /^l C.\ 

U.UZjZ (1 Jj 


A AAO 1 / 1 T\ 

U.UUol (1 J) 


A AA7A (\ X\ 

U.UUZU (1 j) 


a aa/;q (\ 7\ 

u.uuoy (iz) 


CIA 


A AT/; /T\ 

U.UZo (Z J 


A A/1 7 /7\ 

U.U4Z (ZJ 


a AT/^7 / 1 Q\ 

u.uzo / (lyj 


A A1 AO ( 1 ~l\ 

— U.UlUo (1 /) 


A AA/1 T (\ C\ 

U.UU4Z (1 j) 


A AI OT (\ Si\ 

— U.UloJ (lo) 


CZA 


A at/; f7\ 
U.UjO (Z J 


A AQ./1 /7\ 

U.Uj4 (ZJ 


A A 1 AC /I 7\ 

u.uiyj (,i /j 


a ai T/i ( i n\ 
U.UI j4 (1 /) 


A Afl^;7 (\ CA 

U.UUO / (1 J) 


A A1 T 7 (\ f.\ 

U.UI jZ (10) 


HI A ' 
CjA 


A A/1 O /C\ 

U.U4o (J J 


A A/1 A //1\ 

U.U4U (4J 


A AT 7 

U.Uj / y j ) 


A AI O (X\ 

U.Ulo (j ) 


A A77 /T\ 

U.UZZ (j ) 


U.U14 (J ) 


\n a ' 
JNZ A 


A A7 7 (1\ 

U.UZ / \5) 


A A77 ^7\ 
U.UZZ (ZJ 


A ATAT /'I /;\ 

U.UZUZ (loj 


A AAO (1\ 

— U.UUo ( j ) 


A AA/1 (1\ 

U.UU4 (j ) 


A A1 A/] /1 7\ 

— U.U1U4 (1 /) 


CjA 


U.UZo (J ) 


A A7 1 /'7\ 

U.UZ1 yZ) 


A ATT /^T\ 

U.UZZ (Z J 


A AAC 

— U.UUj (Z ) 


A AAT /7\ 

U.UUZ (Z ) 


A AA7T M Q\ 

—U.UU 1 Z (lo) 


C4A' 


A AT T ^ 

0.032 (3) 


A AT /I /I \ 

0.034 (3) 


A AT A /T ^ 

0.034 (3) 


A A 1 /C 

-0.016 (2) 


A AAA 

0.009 (2) 


A AAO / r »\ 

-0.008 (2) 


C5A' 


0.045 (4) 


0.035 (3) 


0.026 (3) 


-0.006 (3) 


0.012(2) 


-0.010 (2) 


C6A' 


0.032 (3) 


0.020 (2) 


0.020 (2) 


0.001 (2) 


0.001 (2) 


-0.0064 (18) 


03A 


0.048 (5) 


0.040 (4) 


0.037 (3) 


-0.018(3) 


0.022 (3) 


-0.014 (3) 


N2A 


0.027 (3) 


0.022 (2) 


0.0202 (16) 


-0.008 (3) 


0.004 (3) 


-0.0104(17) 


C3A 


0.026 (3) 


0.021 (2) 


0.022 (2) 


-0.005 (2) 


0.002 (2) 


-0.0072 (18) 
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C4A 0.049(11) 0.043 (11) 0.039(9) -0.020 (9) 0.005 (8) -0.022 (8) 

C5A 0.045 (4) 0.035 (3) 0.026 (3) -0.006 (3) 0.012 (2) -0.010 (2) 

C6A 0.028(12) 0.044(13) 0.022 (10) -0.002 (11) 0.012 (9) -0.015 (10) 

04A 0.0404 (16) 0.0337 (15) 0.0293 (14) -0.0037 (13) 0.0061 (12) -0.0090(12) 

N3A 0.047 (2) 0.0214 (15) 0.0187 (15) 0.0015 (14) -0.0018 (14) -0.0041 (13) 

C7A 0.054 (3) 0.034 (2) 0.024 (2) -0.007 (2) 0.0035 (18) -0.0046 (17) 

C8A 0.047 (3) 0.044 (2) 0.0223 (19) -0.001 (2) 0.0075 (18) -0.0086(18) 

C9A 0.033 (2) 0.049 (3) 0.031 (2) 0.0049 (19) 0.0033 (18) -0.009 (2) 

C10A 0.041 (2) 0.038 (2) 0.033 (2) -0.0036 (19) -0.0034 (18) -0.0075 (19) 



Geometric parameters (A, °) 



Cll — CI 


1 771 (4) 


C8 — H8A 


0.9900 


PI — 02 


1.480 (3) 


C8 — H8B 


0.9900 


PI — N3' 


1.610 (9) 


C9 — CIO 


1 44 (2) 


PI — N2' 


1.612 (9) 


C9 — H9A 


0.9900 


PI — Nl 


1.698 (3) 


C9 — H9B 


0.9900 


PI — N2 


1.70 (4) 


CIO— H10C 


0.9900 


PI — N3 


1.723 (16) 


CIO — H10D 


0.9900 


Fl — CI 


1.338 (4) 


CHA — CIA 


1.773 (4) 


F2 — CI 


1.344 (4) 


PI A — 02A 


1.471 (3) 


Ol — C2 


1.205 (4) 


PI A — N2A 


1.616 (6) 


Nl — C2 


1.346 (5) 


P1A — N3A 


1.639 (3) 


Nl — H1N 


0.8999 


P1A — N1A 


1.692 (3) 


CI — C2 


1.534 (6) 


PI A — N2A 


1 75 (3) 


03' — C5' 


1 43 (3) 


F1A — CIA 


1 334 (4) 


03' — C4' 


1 49 (3) 


F2A — CIA 


1.337 (4) 


N2' — C3' 


1.469 (10) 


OlA — C2A 


1.215 (4) 


N2' — C6' 


1.469 (10) 


N1A — C2A 


1.351 (5) 


C3' — C4' 


1.520 (9) 


N1A — H1NA 


0.8998 


C3' — H3A 


0.9900 


CIA — C2A 


1.538 (6) 


C3' — H3'B 


0.9900 


03A — C5A' 


1.416 (12) 


C4' — H4A 


0.9900 


03A' — C4A' 


1.448 (12) 


C4'— H4'B 


0.9900 


N2A— C3A 


1.462 (7) 


C5'— C6' 


1.520 (10) 


N2A— C6A 


1.466 (8) 


C5'— H5'A 


0.9900 


C3A' — C4A' 


1.511 (7) 


C5'— H5'B 


0.9900 


C3A'— H3AC 


0.9900 


C6' — H6'A 


0.9900 


C3A'— H3AD 


0.9900 


C6'— H6'B 


0.9900 


C4A'— H4AC 


0.9900 


03— C4 


1.35 (9) 


C4A'— H4AD 


0.9900 


03— C5 


1.54(10) 


C5A' — C6A' 


1.510 (8) 


N2— C3 


1.50(4) 


C5A'— H5AC 


0.9900 


N2— C6 


1.51 (4) 


C5A'— H5AD 


0.9900 


C3— C4 


1.44 (3) 


C6A' — H6AC 


0.9900 


C3— H3A 


0.9900 


C6A' — H6AD 


0.9900 


C3— H3B 


0.9900 


03A — C4A 


1.35 (6) 


C4— H4A 


0.9900 


03A — C5A 


1.35 (6) 


C4— H4B 


0.9900 


N2A — C3A 


1.49 (4) 


C5— C6 


1.44(4) 


N2A — C6A 


1.49(4) 
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p r TIC a 

Cj — HjA 


u.yyuu 


a f^A A 

C3A — C4A 


1 A 1 /"2 \ 

1.42 (3) 


PC 1 ICD 

CD — hljr> 


u.yyuu 


fl A I I ~) A A 

C3A — 1 1 3 A A 


n nnnn 

u.yyuu 


p/: 1 1/" * 

Co — hloA 


n nnnn 

u.yyuu 


pi a TTI A O 

C3A — hl3Ar> 


n nnnn 

u.yyuu 


p/: [i/n 

Co — hlor> 


u.yyuu 


f^A A I I 1 A A 

C4A — hl4AA 


n nnnn 

u.yyuu 


<J4 — Co 


1.4Uy (11) 


P /I A I I , 1 A D 

C4A — hl4Ar> 


n nnnn 

u.yyuu 


(~~\A\ PO' 

<J4 — Cy 


1 A A & ( 1 T\ 

1.44o (12) 


/ ' C a p/ A 

CjA — CoA 


1 yl yl P3 \ 
1.44 (3) 


JN3 — C/ 


1 a /zc\ ( 1 n\ 
1.4oy (1U) 


PC A I I C A A 

CjA — 1 IDA A 


n nnnn 

u.yyuu 


MT nni 

JN3 — CIU 


1 /I O/l / 1 1 \ 

1.4/4 (11) 


PC A TJf A T) 

CjA — hljAB 


n nnnn 

u.yyuu 


C/ — Co 


1 /im / 1 n\ 
1.4yi (1U) 


f ' f A I I/" A A 

Co A — 1 loAA 


n nnnn 

u.yyuu 


p-71 11-71 A 

C/ — ti 1 A 


u.yyuu 


{ • A A | ]/ A D 

Co A — hloAB 


n nnnn 

u.yyuu 


/^*7' I I "7' O 

C/ — hi / D 


n nnnn 

u.yyuu 


pi /i a pn A 

U4A — cyA 


1.4U1 (j) 


po • 1 [ 01 a 
Co — hlo A 


u.yyuu 


p,/) A p 0 A 

U4A — CoA 


1.423 (j) 


Co — rlo r> 


u.yyuu 


Ml A f^H A 

JN3A — C /A 


1.4o4 (j) 


P(V pini 

cy — ciu 


1 C2 /I / 1 1 \ 

1.J34 (11) 


Ml A PIAA 

JN3A — C1UA 


1 cnn /c\ 
I.jUU (j) 


PQ» I I (V A 

cy — riy a 


n oonn 

u.yyuu 


p-7 A PO A 

C /A — CoA 


1.4o3 (0) 


pn' TjAm 

cy — hiy d 


u.yyuu 


p-7 A I I "7 A A 

C /A — hi /AA 


n nnnn 

u.yyuu 


CIU — hllUU 


u.yyuu 


p-7 A I I "7 A D 

C /A — hi /Ar> 


n nnnn 

u.yyuu 


CIU — hllUb 


n nnnn 

u.yyuu 


P O A I I O A A 

CoA — hloAA 


n nnnn 

u.yyuu 


r\A pn 

U4 — cy 


1 TO HA 

1.35 (2) 


P O A I I O A T » 

CoA — hloAB 


n nnnn 

u.yyuu 


04 C% 


1 46 


CQ A PI OA 


1 -H- / O ^O^ 


N3 — C7 


1.48 (2) 


C9A — H9AA 


0.9900 


N3 — CIO 


1.48 (2) 


C9A — H9AB 


0.9900 


C7 — C8 


1.53 (2) 


C10A — H10A 


0.9900 


C7 — H7A 


0.9900 


C10A — H10B 


0.9900 


C7 — H7B 


0.9900 






/~\ / "> r> 1 Mil 
OZ — r 1 — JN3 


11'} O 

113.0 (3) 


f^~l f^Q UO A 

C / — C8 — tit, A 


1 nn n 

iuy.y 


r> 1 mt 
OZ — r 1 — JN2 


lUy.4 (3) 


r\A r^o hod 
U4 — C8 — Hois 


1 nn n 

iuy.y 


MT D1 MT 

JN3 — r 1 — JNZ 


1 n*7 /i / /i \ 
1U / .4 (4) 


f^l f^Q uod 

C / — C8 — Hois 


1 nn n 

iuy.y 


<J2 — r 1 — JN 1 


inc n/i / 1 c\ 
!Uj.y4 (1!)) 


UO A /^O TTOD 

Ha A — C8 — Hohs 


1 no i 
lUo.3 


JN3 — r 1 — JN 1 


1 nc ^ 
IUj.O (3) 


U4 — C9 — CIO 


nu.y (i j) 


M1I T>1 Ml 

JN Z — r 1 — JN 1 


1 1 /I Q f")~\ 

1 i4.y (z ) 


r^o nn a 
U4 — — HyA 


1 no ^ 

iuy.j 


<J2 — r 1 — JNZ 


111 A/1 -")\ 

1 13. U (12) 


c 1 0 — cy — riy a 


1 nn ^ 

iuy.j 


MT T)1 MO 

JN3 — r 1 — JNz 


1 1 £ 1 /I 1 \ 

llo.l (11) 


U4 — Cy — Hyis 


1 nn z 

iuy.j 


Ml ni MO 

JN 1 — r 1 — JNZ 


1 nn t /n\ 

1UU. / (y) 


c 1 0 — cy — Hy a 


1 nn ^ 

iuy.j 


/"iO T)1 Ml 

<J2 — r 1 — JN3 


1 1 o n 
132. y (j) 


un a /^n unD 
HyA — Cy — HyB 


1 no n 
lUo.U 


M"T r> 1 Ml 

JNZ — r 1 — JN3 


y3.J (0) 


cy — c 1 0 — jn 3 


111 1 / 1 T\ 

113.1 (12) 


\T| T> 1 "\T1 

JN 1 — r J — JN3 


1 nn o 
1UU.Z (0 ) 


pn nn umr 

cy — c 1 u — h 1 uc 


1 nn n 

iuy.u 


XT') D 1 Ml 

JNZ — r J — JN3 


yy.4 (13) 


Ml nn Tiinr 
JN i — CIU — H1UC 


1 no n 

iuy.u 


p-> mi r> 1 
Cz — JN 1 — r 1 


lZO.0 (3) 


/^n nn uinn 
cy — C 1 0 — H 1 UD 


1 nn n 

iuy.u 


p-> XT 1 I I 1 m 

Cz — JN 1 — hllJN 


ll/r 0 

llo.o 


\n nn uinn 
JN 3 — C 1 0 — H IUU 


1 nn n 

iuy.u 


r> 1 m 1 I I 1 m 

r 1 — JN 1 — hllJN 


1 |/r 1 
HO.3 


1 r 1 nn n n ui r\T\ 
H 1 UC — C 1 0 — H IUU 


1 n*7 0 
IU/.O 


r 1 — CI — rz 


1 n/; /i /i \ 
lUo.4 (3) 


U2A — r 1 A — JN2A 


1 nn ^ 
lUy.J (2) 


r 1 — CI — Cz 


1 1 n n \ 
1 lU.y (3) 


A T> 1 A XTT A 

Ui A — r 1 A — JN3A 


110 0 1 /I T\ 

1 lo.ol (1 /) 


rz — CI — Cz 


1 1 t n \ 

113.0 (3) 


MO A 1 m A 'KT'y A 

N2A — F1A — N3A 


1 m c /i\ 

103.5 (2) 


Fl— CI— Cll 


108.9 (3) 


02A — P1A — N1A 


105.77 (14) 


F2— CI— Cll 


108.6 (3) 


N2A — PI A — N1A 


115.0 (2) 


C2— CI— Cll 


109.0 (3) 


N3A — P1A — N1A 


104.59 (15) 


Ol— C2— Nl 


127.8 (4) 


02 A — PI A — N2A 


113.4(11) 


Ol— C2— CI 


118.6(3) 


N3A — PI A — N2A 


111.7(10) 
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JN 1 — C2 — C 1 


1 1 •] /Z /Q \ 

lli.o (3) 


C5 — U J — C4 


1 A*7 £. ( 1 C\ 
1U /.O (ID) 


r^T mt r^/;' 
Ci — JN 2 — CO 


llz.l (o) 


Ci — JN2 — r 1 


123.V (o) 


Co — JN2 — r 1 


LZIA {0) 


mt r^T r^/t' 
JN2 — Ci — C4 


lUo.y ( j) 


JN2 — Ci — Hi A 


1 nn n 

luy.y 


f^A i r^i i ui 1 A 

C4 — Ci — Hi A 


1 nn n 

luy.y 


JN2 — Ci — Hi B 


iuy.y 


C4 — Ci — Hi B 


1 AO A 

iuy.y 


Hi A — Ci — Hi is 


1 AO 1 


U3 — C4 — Ci 


1 AA /; sc\\ 

iuy.o (y) 


(J J — C4 — H4 A 


1 AA O 

iuy.o 


Ci — C4 — H4 A 


1 AA O 

iuy.o 


(J j — C4 — H4 B 


1 AA O 

iuy.o 


Li — C4 — H4 B 


1 AA O 

iuy.o 


H4 A — C4 — H4 B 


1 AO 1 


r\*i* r^c 

(Ji — CD — Co 


1 AA *7 / 1 A\ 

iuy. / (iu) 


m f^C! TTCI A 

Ui — C J — H J A 


1 AO 1 

iuy. / 


z^/;' /^c uf a 
Co — C5 — H5 A 


1 AA *7 

iuy. / 


Ui — C5 — H5 B 


1 AA *7 

iuy. / 


Co — C5 — Hj B 


1 AA *7 

iuy. / 


Hi A — C J — Hi B 


1 AO T 


mt r^/:' r^c 
JN2 — Co — CD 


1 1 A 1 fZ\ 

11U.3 [J) 


"\T^>> t~*& u/;' A 

JN2 — Co — Ho A 


1 AA 

iuy.o 


r^' r*t.' u^' A 
CD — CO — HO A 


1 AO 

iuy.o 


JN2 — Co — Ho B 


1 AA £ 

iuy.o 


C5 — Co — Ho B 


1 AA C 

iuy.o 


HO A — CO — HO B 


1 AO 1 

lUo.l 


r^/i /"ii r^c 
C4 — Ui — CD 


1 A*7 

1U / [p) 


/^l \n /^/; 
CJ — JN2 — Co 


1U / [2) 


CJ — JN2 — Fl 


133 {!) 


r^/: \n T»1 
Co — JN2 — Fl 


119 (2) 


f^A r^i \n 
C4 — CJ — JN2 


112 (2) 


/^/t TJI A 

C4 — Ci — Hi A 


1 An 1 

iuy.1 


"\TT ^1 TJI A 

JN2 — Ci — Hi A 


1 An 1 

iuy.1 


f^A r^i inn 
C4 — Ci — Hits 


1 An 1 

iuy.1 


JN2 — Ci — HiB 


1 An 1 

iuy.1 


HiA — Ci — Hits 


107.9 


Ui — C4 — Ci 


1 m { a\ 
1U / (4) 


Ui — C4 — H4A 


1 1 A 1 

1 1U.2 


Ci — C4 H4A 


1 1 A 1 

1 1U.2 


Ui — C4 — H4B 


1 1 A 1 

1 1U.2 


C3— C4 — H4B 


110.2 


H4A— C4— H4B 


108.5 


C6— C5— 03 


106 (4) 


C6— C5— H5A 


110.6 


03 — C5 — H5A 


110.6 


C6— C5— H5B 


110.6 



XT 1 A T> 1 A XTT A 

JN 1A — r 1A — JN2A 


1 aa 1 /n\ 

ioo.i (y) 


CzA — JN 1A — r 1A 


ill .4 (i) 


PTA XT1 A U1 XT A 

CzA — JN 1A — hllJNA 


1 A1 £ 

lOi.D 


T)l A \T 1 A TT1XTA 

r 1A — JN 1A — hllJNA 


i Tn i 
12y.l 


IT 1 A 1 A ITO A 

r 1A — CIA — rZA 


1 a/; n /i \ 
106. y (i) 


r 1A — CIA — CZA 


1 1 1 o fi\ 
Hi. 2 (i) 


CO A PI A pi A 

r ZA — C 1 A — CZ A 


110.6 (i) 


T7 1 A PI » /-II 1 A 

r 1A — CIA — C11A 


1 AO C fl \ 

106.5 (i) 


CO A PI A PI 1 A 

r Z A — C 1 A — CI 1 A 


1 ao n\ 
106.4 (i) 


PI A p 1 A PI 1 A 

CZA — CIA — C11A 


1 An a 

luy.u (i ) 


r\ i a pi a XT1A 

U1A — CzA — JN 1A 


o l a \ 
126.6 (4) 


Pi 1 A PI A P 1 A 

<J1A — CzA — CIA 


1 1 n 1 ii\ 
liy.l (i) 


XT 1A PTA P1A 

JN 1A — CzA — CIA 


114.1 (i) 


PC A I A 1 P A A ' 

C jA — <J3 A — C4A 


1 AO A tH\ 

106.4 (/) 


PI A ' XTT A 1 P£ A ' 

C3A — JNZA — CoA 


111/1 

Hi. 4 (5) 


PI A 1 XT1 A 1 T>1 A 

C3 A — JN Z A — r 1 A 


nc i {a \ 
125.1 (4) 


P£ A 1 XT1 A 1 T)1 A 

CoA — JN Z A — r 1 A 


121.3 (4) 


XT'") A 1 PI A 1 P/1 A ' 

JN Z A — C3 A — C4 A 


1 AA 0 t A\ 

10y.6 (4) 


XT'") A ' ( ' 1 A ' UI A ( ' 

JNZA — C3A — rl3AC 


1 AO 7 

iuy. / 


P A A 1 pQ A 1 1 I"J A ( • 

C4A — C3A — hl3 AC 


1 AA "7 

ioy. / 


XTT A 1 PI A 1 II") A FA 

JN Z A — C 3 A — hi 3 AL) 


1 AA "7 

ioy. / 


p A A 1 PQ A 1 TTQ A rv 

C4A — C3A — hi 3 AL) 


1 An "7 

ioy. / 


TUT A P PI A 1 I 1 1 A T"\ 

hl3AC — C3A — hl3AL) 


1 AO T 

106.2 


PQ A 1 p A A 1 PQ A 1 

<J3 A — C4A — C3 A 


1 1 1 n i z\ 
lll.y (5) 


PI A 1 P A A 1 I I 1 A p 

U3 A — C4A — hl4AC 


1 An i 

ioy.2 


PQ A 1 P/1A' I I 1 A ( " 

C3A — C4A — hl4AC 


1 An 1 

ioy.2 


PI A 1 P/l A 1 U/1 A 

U3 A — C4A — hl4AL) 


1 An 1 

ioy.2 


PI A 1 P A A 1 U/1 A FA 

C3A — C4A — hl4AL) 


1 AA 1 

ioy.2 


U/1 A P P/1 A 1 U/1 A 1~"\ 

hl4 AC — C4 A — hl4 AL) 


1 A"7 A 

io /.y 


PQ A 1 PC A 1 p/T A 1 

U3 A — C J A — CoA 


1 1 1 "7 /C\ 
112./ (5) 


PI A 1 PC A 1 UC A P 

<J3A — C jA — hi jAC 


1 An 1 

ioy.1 


P£ A ' PC A 1 UC A P 

CoA — C jA — hi j AC 


1 A A 1 

ioy.1 


pq a i pc a i uc a r\ 
U3A — C jA — hi jAL) 


1 An 1 

ioy.1 


pi/- A i PCA' IK A n 

CoA — C jA — hi j AL) 


1 A A 1 

ioy.1 


UC A P PC A 1 UC A F"\ 

LIjAC — C jA — hljAL) 


1 A"7 O 
10 /.6 


XTT A 1 P/i A 1 PC A 1 

JN Z A — CoA — C j A 


1 1 A 1 { A\ 
110.1 (4) 


XT') A ' r/; A 1 ii/; Ap' 

JNZA — CoA — rioAC 
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CO Q (H\ 
JO.O {/) 


Pl— 


-N3'- 


-CIO'— C9' 


1 /IT /I //iA 

— 14/.4 (o) 


04'- 


-C9'- 


-CIO'— N3' 


CO 1 /o\ 

jo. 3 (o) 


02- 


-Pl- 


-N3— C7 


90.5 (14) 


N3'- 


-Pl- 


-N3— C7 


75(2) 


N2'- 


-Pl- 


-N3— C7 


-148.8 (13) 


Nl- 


-Pl- 


-N3— C7 


-32.7(13) 


N2- 


-Pl- 


-N3— C7 


-135.5 (15) 


02- 


-Pl- 


-N3— CIO 


-63.9(13) 



C5A — U3A — C4A — C3A 


55 (4) 


MO A r^i A A A 

JN 2 A — C3 A — C4 A — U3 A 


-55 (3) 


f^A a r\i a r^c a /""/; a 
C4A — U3A — C5A — C6A 


CI fA\ 

-53 (4) 


r\i a r^c a r^/: a mo a 
U3 A — C5 A — Co A — JN 2 A 


50 (3) 


A MO A f^C A A 

C3A — JN2A — C6A — C5A 


CI f1\ 

-53 (3) 


D1 A MO A /^/; A /^C A 

PI A — JN2A — C6A — C5A 


IT/ ZO\ 

130 (2) 


f\"t A T>1 A Ml A /~"7 A 

U2 A — P 1 A — JN 3 A — C / A 


OO £ t A\ 

62.0 (4) 


MO A 1 D1 A Ml A /~"7 A 

JN2A — P1A — JN3A — C /A 


—155.6 (4) 


M1 A T>1 A Ml A n A 

JN 1 A — PI A — JN3A — C /A 


If r\ ( A\ 

— 35. U (4) 


MO A T>1 A Ml A f^l A 

JN2A — PI A — JN3A — C /A 


1 A O A ^1 ri\ 

— 142.4 (1U) 


/"VO A T> 1 A MIA PlftA 

U2 A — P 1 A — JN 3 A — C 1 U A 


-5 1.0 (3) 


MO A 1 D 1 A Ml A P|(1A 

JN2A — PI A — JN3A — C1UA 


£a r\ n\ 
04.U (3) 


M 1 A T> 1 A Ml A nfiA 

JN 1A — P1A — JN3A — C1UA 


-1 /5.2 (3) 


MO A T> 1 A Ml A PlftA 

JN2A — PI A — JN3A — C1UA 


/ /.4 (1U) 


pi/AA mi a f^n a ro A 
C1UA — JN3A — C /A — CoA 


-50. / (5) 


TJ 1 A Ml A f~*H A f^Q A 

PI A — JN3A — C / A — C8A 


lOU.3 (3) 


C9A — U4A — C.8A — C /A 


-56.0 (5) 


N3A— C7A— C8A— 04A 


56.7 (5) 


C8A — 04A — C9A — C 1 OA 


56.1 (5) 


04A — C9A — C 1 OA— N3A 


-57.2 (5) 


C7A — N3A — C 1 0 A— C9 A 


56.9 (4) 


P 1 A— N3 A— C 1 OA— C9A 


-157.2 (3) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D—A D—H-A 

Nl— H1N-02' 0.90 1.87 2.746 (4) 166 

N1A — H1NA—02A" 0.90 1.89 2.731 (4) 154 

Symmetry codes: (i) -x+2, -y+\, — z; (ii) —x+\, ~y+l, -z+1. 



sup-12 



supplementary materials 




sup-13 



supplementary materials 




sup-14 



